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I  INTRODUCTION 

The  evaluation  of  the  hot  workability  of  tftetals  and  alleys,  by  means 
of  a  simple  test  has  been  a  serious  problem  for  some  time.  It  is, 
of  course,  undesirable  to  be  forced  actually  to  forge  a  sizable 

piece  of  metal  In  order  to  determine  whether  or  not  the  conditions 

•  .  ' 

applied  in  terms  of  temperature  and  the  rata  of  deformation  are  the 
most  advantageous.  It  goes  without  saying  that  considerable  expense 
can  be  avoided  by  replacing  the  hot  working  operation  Itself  by  sim¬ 
ple  tests  which  discldse  the  necessary  information.  We,  therefore, 
are  looking  for  a  type  of  test  which  gives  a  maximum  of  conclusive 
•'  Information  and  at  the  same  time  is  fast,  simple,  and  low  in  cost.  . 

Most  forgeability  tests  commonly  used  in  industry  have  their. draw¬ 
backs:  compressive  and  bend  tests  are  limited  in  the  extent  of 
deformation  which  can  be  obtained.  Also  quantitative  ductility, 
measurement**  are  difficult  to  make.  In  addition,  compressive  tests 
suffer  from  complexities  resulting  from  frictional  forces  and  from 
insensitivity.  Torsion  tests,  which  are  easy  to  perform,  suffer 
from  stress  and  strain  gradients  in  the  cross  section  and  are  dif¬ 
ficult  to  Interpret  if  cracking  is  not  initiated  at  the  surface. 

On  the  other  hand,  tensile  tests  offer  a  rather  simple  stress  system 


and  high  sensitivity  with  respect  to  ductility.  Unfortunately,  with. 
regular’ tensile  tests,  only  a  rather  restricted  range  of  strain  rates 
is  available .  ' '  ’ 

In  previous  investigations  of  the  creep  behavior  of  aluminum  and  some 
high  temperature,,  alloys ,  it  had  been 'shown  that -the  deformation  and 
fracture  characteristics  followed  rather  well-defined  patterns  which ' 
are  closely  related  to  temperature ,  strain  rate,  and  composition. 

It  is  the  purpose  of  the  present  investigation  to  evaluate  the  .high 
temperature  deformation  and  fracture  behavior  -of  the  following  ma¬ 
terials  under  high  -strain  rate  conditions:  .  . 

.  ^  -v  *  - 

'*  -  Udimet  500 

...  .  .Tungsten  , 

•  ‘  Beryllium 

With  laboratory  tests  from  the  data  obtained,  efforts  will  be  made 
to  determine  the  most  pertinent  parameters  for  hot  working  operations 
During  the  course  of  the  study.,  various  changes  in  the  testing  tech¬ 
niques  will  be  incorporated  and  their  effect  on  the  results  will  be 
evaluated.  *  *  ‘  • 

II  EXPERIMENTAL-  TECHNIQUES 

For  the  investigation  of  hot  working  characteristics,  a  modified 
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constant  load  creep  machine  Is  used.  In  order  to  avoid  undesirable 
side  effects,  loa^s  are  applied  by  means  of  a  double-ended  pneumatic 
cylinder.  By  the  present  method,  the  full  load  can  be  applied  with¬ 
in  0.02  seconds  with  no  appreciable  Impact  effect.  Mo  overload  oc¬ 
curs  which  could,  of  course,  falsify  the  results.  Using  specimens 
of  conventional  sizes,  tests  can  be  conducted  at  rates  up  to  20 
ln/in/sec.  A  pull  rod  system  is  connected  to  an  elec tro-oachenf cal 
device  for  the  purpose  of  preloading  the  specimens  slightly  prior  to 
application  of  the  full  load.  Time  and  strain  valuta  are  recorded 
automatically  with  a  motion  picture  camera  during  the  testa. 

Ill  RESULTS  AND  DISCUSSION 

Tensile  specimens  were  machined  fro®  a  cast  Udimet  700  ingot  (dla. 

5  1/2'’,  length  12") .  The  direction  of  the  specimen  axis  is  identical 
with  the  ingot  axis.  The  results  of  the  first  sat  of  tests  are  rep¬ 
resented  in  Table  X  and  Figures  1  through  4.  Tests  ware  run  at  1900s, 
2000°,  and  2100°  F  over  a  range  of  strain  rates  c£  0,01  in/in/ eac  to 
5  ln/in/sec.  All  tests  were  conducted  after  a  minima  soaking  time  of 
10  minutes.  The  most  important  sat  of  data  Is  shewn  in  Figure  4,  where 
the  reduction  in  area  values  are  plotted  &e  a  function  of  the  rate  of 
deformation.  It  la  evident  that  the  ductility  decreases  with  Increasing 


strain  rate 


In  addition,  specimens  are  being  machined  from  a  beryllium  hot  press¬ 
ing  S-200-C.  The  direction  of  the  various  specimen  axes  are  the  same 
as  the  ones  chosen  for  the  Udimet  700  material  and  a  similar  set  of 
experiments  will  be  conducted.  • 


stress 
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